U
pper limb impairments are present in most patients after stroke and often contribute to poor daily function. 1 UAn estimated 80% of patients with stroke with upper limb impairments are often in need of treatment strategies aimed at improving the functional ability and use of the affected upper limb in daily life. [2] [3] [4] Assessing the functional capacity of the upper limbs in patients with stroke is crucial to capture treatment effect. There are many assessments that measure upper limb functional capacity after stroke in laboratory settings, such as the Wolf Motor Function Test; 5 however, assessments that evaluate actual use of the more-impaired arm in the real world are still limited. 6 The Motor Activity Log (MAL), a selfreported assessment of the amount of use of the more impaired arm and the quality of movement, measures the performance of activity in real-life situations for patients with stroke. 7, 8 The MAL is recommended as a valid and responsive assessment tool in clinical practice 9, 10 and is often used to examine the effects of (modified) constraint-induced therapy, a well-evidenced theory-based approach especially for patients with mild or moderate motor deficits to regaining functional use of the affected arm. 11, 12 Previous studies have used classical test theory to demonstrate the psychometric properties of the MAL, showing convincing evidence for its reliability and validity. 13, 14 Although the MAL was validated by classical test theory, a limitation should be considered. In classical test theory, the total score, the summation of raw scores of all items, is not a true interval-level measurement and may lead to misleading results and incorrect clinical interpretations. 15 A modern psychometric approach, such as Rasch analysis, can resolve that problem and provide further information about the psychometric properties of the assessment. 16, 17 First, Rasch analysis can transform an ordinal raw score into an interval-scale measure if the data fit the assumptions of the Rasch model, leading to proper calculation of change scores. Second, Rasch analysis can explore the construct validity of the scale to identify unidimensionality (whether all items of the assessment contribute to a unique construct). Third, Rasch analysis can calibrate the person ability and the item difficulty on the same metric. The item difficulty and person ability are arranged along a hierarchy on the metric. In this way, once a participant's ability has been identified, we can therefore anticipate the tasks that the participant should be able to perform. 18 The participant with higher ability may have a higher probability to pass or get higher ratings on hard items than the participant with lower ability. Fourth, Rasch analysis can reveal the targeting, which refers to the extent to which items are of appropriate difficulty for the sample. 19 Finally, Rasch analysis facilitates the examination of differential item functioning (DIF), which is an indicator of a biased item to which patients with similar motor function respond differently. 20, 21 The study by Saliba et al 22 has been the only study to date to apply Rasch analysis to the MAL. Their study had a small sample size (n=77) and did not provide evidence of the DIF analyses. The detection of DIF might underscore the items of the MAL that may not be accurate for assessing self-reported upper limb performance across different demographic variables. 22 Further investigation of its validity with large samples is warranted.
Moreover, because the MAL is only suitable for patients with mild to moderate motor deficits and demonstrates a floor effect among patients with severe stroke, Taub et al 23 designed the Lower-Functioning MAL (LF-MAL) for evaluating the more affected upper limb performance of activity in daily life in patients with severe impairments. 24 The LF-MAL appeared to have good reliability 25 ; however, its validity has not been examined, and further research is needed.
This study used Rasch analysis to examine the psychometric properties of the MAL and LF-MAL in patients with stroke. The unidimensionality, item difficulty hierarchy, targeting, Rasch reliability, and DIF across different demographic variables (eg, age, gender, and dominant hand) of the 2 assessments were examined for measuring more affected upper limb performance of activity in daily life after stroke.
Methods

Participants
This study was a secondary analysis of data from previous studies and included patients with stroke recruited from the rehabilitation departments at 10 hospitals. 26, 27 The inclusion criteria were (1) clinical diagnosis of a first or recurrent unilateral stroke, (2) Brunnstrom stage II or higher for the proximal and distal upper extremity, 12 (3) no serious cognitive deficits (Mini-Mental State Examination score >21), and (4) no severe physical conditions or medical problems. The Institutional Review Board approved this study, and all participants provided informed consent before data collection.
Procedure. All participants were assigned to different treatment groups to receive 1.5 to 2 hours of treatment every weekday for 3 to 4 weeks. The evaluators were trained by the principal investigators and examined before data collection to ensure assessment consistency. The evaluations were administered before and after treatment by 11 evaluators. Data obtained after treatment were used in the study.
Instrument.
The MAL, a structured interview, was used to examine the performance of activity of the more affected upper limb outside of the laboratory setting, including the amount of use (MAL-AOU) and the quality of movement (MAL-QOM). Patients were asked standardized questions about the quality and quantity of their more affected arm movement during 30 functional activities. 7 Items are scored on a 6-point ordinal scale. The MAL-AOU ranges from 0 (never use the affected arm for the activity) to 5 (use the affected arm as often as before the stroke), and the MAL-QOM ranges from 0 (inability to use the affected arm for this activity) to 5 (ability to use the affected arm for the activity as good as before the stroke). The MAL, designed for patients with mild or moderate motor deficits, was applied to patients with Brunnstrom stage III and higher motor recovery of the proximal and distal upper limbs in this study. It has good reliability and validity and is also responsive to change during the subacute phase after stroke. 28 The LF-MAL measures performance of the more impaired upper limb, including the amount of use (AOU) and the quality of movement (QOM) for completing 30 activities outside the treatment setting in patients with stroke, especially for those with severe impairments. The administration and scoring of LF-MAL are similar to the original MAL. This study applied the LF-MAL to patients with motor recovery of the proximal and distal upper limbs at Brunnstrom stage III and below. A previous study showed that the LF-MAL has good reliability. 25 Patients at Brunnstrom stage III who agreed received the original MAL and the LF-MAL to evaluate the more affected upper limb performance of activity. To further identify patients' upper limb functional capacity, we also reported the score of the Fugl-Meyer Assessment. 29 
Data Analysis
To confirm the concepts of the subscales of MAL and the subscales of LF-MAL were different, we examined the correlation between the MAL-AOU and MAL-QOM as well as the LF-MAL-AOU and LF-MAL-QOM. We used Winsteps software to examine the unidimensionality, item difficulty hierarchy, targeting, reliability, and DIF. 30 Unidimensionality. We used fit statistics and principal component analysis to examine the unidimensionality of the MAL and LF-MAL. Two fit indices, including infit and outfit mean-square statistics, were calculated to examine whether the item responses were consistent with the model expectancies. Infit is more sensitive to unexpected responses close to the difficulty of the item; outfit is more sensitive to unexpected responses far from the difficulty of the item. An item with a mean-square lower than 0.5 and higher than 1.5 was considered misfit. 30 The misfit items were removed from the scale based on the statistical results. To further examine unidimensionality, principal component analysis was used to examine the standardized residuals. Unidimensionality was supported when the variance explained by the first dimension exceeded 50% and an eigenvalue of the first residual factor was less than 3. 31 Item difficulty hierarchy and targeting. Targeting refers to the extent which the difficulty of the item matches the ability of the person, and it can be visualized with the item-person map. The item-person map shows item difficulty hierarchy and enables the identification of large gaps between items. When there are many large gaps between items and when many persons have a higher or lower ability than the threshold of the item difficulty, the targeting is inadequate. In general, targeting can be measured by comparing the mean values of person and item. Good targeting is when the mean of items equals the mean of persons. 19 
Reliability
The reliability was estimated using the person reliability and person separation indices. Person separation estimates how many strata the MAL or LF-MAL can divide participants into. A person reliability value above .8 represents a good level of reliability and above .7 represents an acceptable level. 31 
Differential Item Functioning Analysis
Differential item functioning analyses were conducted to examine whether item response was influenced by demographic characteristics for persons who have the same motor ability. The DIF was verified by examining the invariance of item difficulties across different demographic variables 22 and evaluators. We identified item bias by assessing age (≥65 y, <65 y), sex (male, female), and dominant hand (right, left). Evidence for item bias exists when the DIF contrast exceeds 0.5 30 and there is a statistical difference of P < .002 (.05/23) for multiple comparisons using the Bonferroni correction. 30 
Results
The demographic and clinical characteristics of the participants are presented in Table 1 . The MAL exhibited modest floor effects, 32 indicating 17.3% of participants received minimum scores in the scale, and the LF-MAL also had modest floor effects, indicating 16.4% of participants reported minimum scores in the scale.
The correlation coefficient between MAL-AOU and MAL-QOM was 0.603; the correlation coefficient between LF-MAL-AOU and LF-MAL-QOM was 0.607. This indicated that the subscales of the MAL and the LF-MAL were not highly correlated; that is, the subscales of MAL and the subscales of LF-MAL could both be regarded as different concepts. Evidence of disordered thresholds was found in both the MAL-AOU and MAL-QOM, with 15 items (50%) exhibiting disordering of the step difficulty.
Because of rater difficulty in discerning among the 6 levels of functional ability, we decided to record the items by collapsing categories to restore reversed thresholds. 33 Hence, the 30 items were rescored as follows: 0 = 0; 1 to 2 = 1; 3 to 4 = 2; and 5 = 3. After rescoring the 30 items, we found items 13 to 17, 22, 23, 26, and 27 still had disordered thresholds, and we rescored them as follows: 0 = 0 and 1 to 3 = 1. After this, all items exhibited ordering (Tab. 2). The LF-MAL-AOU and LF-MAL-QOM both displayed disordered thresholds. Because the rating categories of 0 were most used, categories 1, 2, and 3, and categories 4 and 5 were combined, leading to the revised rating categories (coded 0, 1, and 2). After this, the revised 3-category LF-MAL-AOU and LF-MAL-QOM achieved step ordering (Tab. 3).
Unidimensionality
Revised MAL. The new scoring categories of the MAL were analyzed in the subsequent item-fit analysis. Seven items revealed poor fit in the MAL-AOU and MAL-QOM (Tab. 4). These misfit items were removed one at a time according to model-fit estimation from the MAL-AOU and MAL-QOM, respectively. Finally, the remaining 23 items of the MAL-AOU and MAL-QOM fit the expectation of the model. The item-fit statistics for the revised MAL-AOU and MAL-QOM are provided in Table 2 . The principal component analysis of the revised MAL-AOU and MAL-QOM had similar results, showing that the Rasch measures accounted for 76.0% of the variance, and the eigenvalue of the first residual factor was 2.7. We concluded from the results of fit statistic and principal component analysis that the 23-item MAL-AOU and MAL-QOM constitute unidimensional constructs.
Revised LF-MAL. The LF-MAL with the new 3 categories was analyzed in the subsequent item-fit analysis. Six items in the LF-MAL-AOU and 7 items in the LF-MAL-QOM were out of the acceptable range (Tab. 4). These misfit items were deleted and fit the model expectation. The fit statistics for the revised LF-MAL-AOU and LF-MAL-QOM are provided in Table 3 . The principal component analysis of the revised LF-MAL-AOU and LF-MAL-QOM showed that the Rasch dimension explained 70.5% and 71.0% of the variance, and the eigenvalues of the first residual factor were 2.6 and 2.5, respectively. The results of fit statistic and principal component analysis show that the 24-item LF-MAL-AOU and 23-item LF-MAL-QOM constitute unidimensional constructs.
Item Difficulty Hierarchy and Targeting
Results of the revised MAL. As summarized in Table 2 , results of the revised MAL-AOU and MAL-QOM were similar. Figure 1 contains the item-person maps of the revised MAL and show that the most difficult task was "use a key to unlock a door" and that the easiest task was "wash your hands." The average MAL-AOU and the MAL-QOM for the affected upper extremity of the participants were -1.88 (SD, 1.82) logit and -1.87 (SD, 1.82) logit, respectively. The mean of items did not equal the mean of participants; that is, the targeting of revised MAL was not good. The revised MAL was thus difficult for our participants. Figure 2 contains the item-person maps of the revised LF-MAL and show that the easiest task was "wash your hands." The average AOU ( Fig. 2A ) and the QOM (Fig. 2B) for the affected upper extremity of the participants were -2.36 (SD, 0.76) logit and -2.36 (SD, 0.77) logit, respectively. The average item difficulty of the revised LF-MAL was higher than the average person ability; that is, the targeting of the revised LF-MAL was not good.
Results of the revised LF-MAL.
Reliability of the revised MAL.
The person separation values in the revised MAL-AOU and MAL-QOM were 2.4 and 2.6, respectively. Our findings indicate that the revised MAL is sensitive enough to distinguish among 3 strata of upper limb performance. The person reliability coefficients for the revised MAL-AOU and MAL-QOM were 0.85 and 0.87, providing evidence for good reliability.
Reliability of the revised LF-MAL. For the revised LF-MAL-AOU and LF-MAL-QOM, the person reliability coefficients were 0.79, providing evidence for acceptable reliability. In addition, the person separation values in the revised LF-MAL-AOU and LF-MAL-QOM were 1.9, indicating that the instrument could separate the participants into 2 statistically distinct ability levels (strata) by upper limb performance.
Differential Item Functioning
The DIF for both the revised MAL and revised LF-MAL. No DIF items were found across age, gender, and dominant hands in the revised MAL or in the revised LF-MAL. It revealed that the item difficulty of each activity for the older group was equivalent to that for the younger group. Every item had the same difficulty for the women and men. The difficulty of each item for participants with right dominant hands was equivalent to that for participants with left dominant hands. However, 9 items (items 5, 8, 10, 11, 13, 15, 16, 17, 30) of the MAL-AOU and 6 items (items 10, 11, 13, 15, 16, 30) of the MAL-QOM exhibited DIF. This indicates raters were likely to score these patients differently on these items. We found that 1 rater scored quite differently from the other raters on the MAL-AOU and MAL-QOM. However, items exhibiting DIF had not shown misfit to the model and were important for clinical use, thus they were retained in the MAL-AOU and MAL-QOM.
For the LF-MAL-AOU and LF-MAL-QOM, 6 items (items 10, 12, 16, 18, 20, 30) and 5 items (items 10, 12, 16, 18, 28) exhibited DIF, respectively. We also found that 1 rater scored differently from others on the LF-MAL-AOU and LF-MAL-QOM. In the same way, because these items had not shown misfit to the model and were important for clinical use, they were retained in the LF-MAL-AOU and LF-MAL-QOM.
Discussion
To the best of our knowledge, this is the first study to use Rasch analysis to examine the psychometric properties of the MAL and LF-MAL in a large sample of patients with stroke. Our results showed that the original MAL and the LF-MAL did not fit the Rasch model. After collapsing rating categories and deleting items, we found the revised MAL and LF-MAL had evidence of unidimensionality for measuring the AOU and QOM of the more affected upper limb in daily activities in patients with stroke. The item difficulty hierarchy of these 2 instruments is generally consistent with clinical expectations. Step Calibrations Difficulty logit
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Step 2 The absence of DIF suggested that the rating scores for daily activities in the revised MAL and LF-MAL were determined by a patient's ability, not patient's characteristics such as age, gender, or dominant hand. In addition, the revised MAL and LF-MAL had adequate reliability and were able to differentiate our participants into 3 and 2 groups according to the levels of upper limb ability, respectively. However, adding more items that suit patients with poor ability has been suggested to help improve the targeting. affected hands, whatever the frequency, from those who never used their affected hands. For the LF-MAL, the response categories of all items were collapsed into a 3-point scale, which is more efficient and convenient to administer to assess a participant's performance.
The results of the present study support the unidimensionality of the revised MAL and LF-MAL, implying that all of the items in these instruments measure the quantity and quality performance of activity of the affected upper limb in daily life. That is, it increases clinicians' confidence in using the scales as an outcome measure to assess and monitor daily use of the affected upper limb.
Our findings show that the item difficulty hierarchy of the revised MAL and LF-MAL is consistent with clinical expectation. That is, items that involved gross arm movement (eg, Wash your hands) or sustained grasp (eg, Carry an object in your hand) were rated as easier items, whereas items that involved manipulation (eg, Use a key to unlock a door; Eat half a sandwich or finger food) or strength (eg, Get up from a chair with armrests) were rated as more difficult items. Accordingly, a goal to improve the quality of using a key to unlock a door is expected to be more challenging than a goal to improve the quality of washing hands. Having this item hierarchy helps clinicians understand the progress of a patient's use of his or her upper limb in daily life and assists in planning interventions targeting specific goals at different stages.
The findings of the item-person map showed that the revised MAL and LF-MAL did not adequately target our sample and that our patients considered them difficult. Our findings showed that the revised MAL had few easy items, which is consistent with Pereira et al. 14 Thus, applying the revised MAL to patients with a low level of motor ability may be limited. A noteworthy finding is that LF-MAL, the measure designed especially for patients with low upper limb ability, still seems to be difficult for our patients who are low-functioning. In future studies, the revised MAL and LF-MAL might both be improved for patients with stroke by adding items that better assess the lower ranges of daily use of the upper limb such as "Swing of arms while walking," "Close drawer, " or "Close refrigerator."
Evidence of good and adequate person reliability coefficients supports the consistency of the revised MAL and LF-MAL and application. In addition, consistent with the previous study, 8 This study has 3 limitations worth noting. First, the generalizability of our findings is limited because our cohort comprised patients with relatively high-functioning ability in the LF-MAL. The definition of low-functioning ability was the ability to produce a voluntary movement with the wrist and finger extended ≤ 20° and 10°, respectively. 24, 34 Half of our participants who completed the LF-MAL met the criterion of 20° wrist extension. However, even though our participants maintained relatively good motor ability, the LF-MAL also seemed difficult for them. Future studies might recruit patients with severe impairments in upper limb motor ability to validate the revised LF-MAL.
A second limitation is that patients with stroke scored the rating "4 and 5" infrequently in the MAL. This may be because more than half of the patients reported the rating "0" in these 2 scales. Future research might include people with high motor skill to balance sample sizes in the rating categories.
Third, the results of this study may not be generalized to patients in different cultures because all participants were recruited from Taiwan. Further validations of the MAL and LF-MAL in patients with stroke from diverse cultures are warranted.
In conclusion, this study provides empirical evidence to show that the revised MAL and LF-MAL are unidimensional scales and have good reliability. No items in the revised MAL and LF-MAL exhibited bias related to patients' characteristics. However, there is room for improvement of the revised MAL and LF-MAL. Further study might add easier items to have better targeting of these 2 scales.
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